A system of self-consistent integral equations for the superconducting gap is formulated and solved taking account of the instability of the normal phase of bilayered cuprates against charge-density waves. The critical parameters are calculated as a function of the wave vector, temperature, and doping index. It is found that the region in which superconductivity coexists with d-type charge-density waves depends strongly on the doping index. The effective energy-gap parameter, determined as the interval between the peaks of the density of states, can have a local minimum at temperatures T<T C .
To describe the subsystem of current carriers in bilayer high-T C superconductors we employ a Hamiltonian of the form
where Ψ 2σ m (Ψ σ2 m ), are Hubbard-type operators corresponding to creation (annihilation) of quasiparticles in the bonding singlet-correlated oxygen band,
quasiparticle dispersion relation has the form
where µ is the chemical potential, which under optimal doping, according to photoemission data, 7 lies 10 meV below the saddle peak of the density of states, P pd = (2 + δ)/4 is the average value of the anticommutators {Ψ In the mean-field approximation the elementary excitations spectrum of the Hamiltonian (1) is determined by the equation
The order parameter of the superconducting transition (ST) is given by the expression
where j(q), g(q), and B(k 1 , q) are the Fourier transforms of the superexchange, Coulomb, and Fröhlich interactions potentials, respectively. Specifically,
where j 0 = 125 meV for YBaCuO compounds 10 and g(q) = g 0 exp(−7δ)(cos q x a + cos q y a), where g 0 = 315 meV. Among all possible phonon modes, the buckling modes make the most important contribution to pairing. In this case
hω D is the Debye frequency of the order of 45 meV, Θ(x) is the theta function, and B 0 ≃ 35 meV. In the range of doping indices δ of interest to us, Eq. (4) has a solution of the form
As was pointed out in Ref. 5, the CDW parameter G k is a sum of two components with a different dependence on the wave vector. The component associated with the short-range potentials
possesses d-type symmetry G ex k = iG 0 (cos k x a − cos k y a), while the phonon part
possesses s-type symmetry. It is relatively small and is neglected below. The order parameter U k entering in Eq. (3) is related with thermodynamic average Ψ ↓2 k Ψ ↑2 −k−Q , which appears naturally in the equations of motion in the presence of superconductivity and Peierls instability. In the general case it is determined by the expression
We investigate below the approximately optimal doping regime, where Q ≃ (π, π). One can see from Eq. (8) that U k is comparatively small and can possess only s symmetry, since for
We note that for U k = 0 Eq. (3) leads to the spectrum
and E 4 = −E 1 and E 3 = −E 2 .
In the general case we have the following system of integral equations:
where
The system of equations (11)- (13) between peaks of the density of states of the energy spectrum.
